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ABSTRACT 
 
Evaluation of the Bass Basin’s suitability for CO2 storage has been undertaken by analysing several key basin analysis 
elements, including seal capacity and integrity, reservoir quality, petroleum systems modelling and CO2 migration and 
storage modelling. 
 
Seal geometry, capacity and integrity of the Demons Bluff Formation has been investigated to evaluate CO2 containment 
in the basin. The study revealed good to excellent sealing capacity for the Demons Bluff Formation and for the 
intraformational seals within the Eastern View Group (EVG).  Faults traversing the reservoir/regional seal boundary, as 
well as faults intersecting the top of the regional seal were evaluated for future risk of reactivation.  There is some risk of 
reactivation associated with N-E striking faults, fortunately these faults are mostly confined to the margins of the basin.  
 
Reservoirs of the Upper EVG generally have high porosity and permeability. Hydrocarbon migration and accumulation 
in the basin were simulated, to examine the petroleum potential of specific reservoirs within the basin. Migration models 
suggest most of the trapped hydrocarbons occur in the reservoir sands of the Middle EVG. Reservoirs of the Upper EVG 
were have received  little hydrocarbon charge, except for the northeastern part of the basin. 
 
CO2 migration paths within reservoirs of the Upper EVG were simulated based on a buoyancy driven migration model. 
Migration pathways within the Upper EVG and CO2 accumulations under the regional seal were identified. In addition, 
total available pore volumes for CO2 storage associated with structural traps was calculated at > 2 billion m3.  
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Introduction 
 
The need of suitable CO2 geosequestration in Victoria has also initiated the search for suitable CO2 storage sites in 
nearby sedimentary basins outside Victoria’s waters. The Bass Basin is located in between Victoria and Tasmania in the 
southeastern margin of Australia (Figure 1).  
 
The Bass Basin contains sediments ranging in age from Late Jurassic to Recent. Palaeozoic meta-sediments are present 
in the pre-rift basement blocks that underlay the Mesozoic basin (Blevin, 2003). The Eastern View Group (EVG), which 
contain the Durroon, Bass and Aroo Megasequences, ranging in age from mid Cretaceous to Middle Eocene, contains 
the best reservoir rocks. The basin succession consists of predominantly Late Jurassic to Eocene interbedded fluvio-
deltaic and lacustrine deposits overlain by marine siliciclastics that act as a regional seal in the basin, in turn overlain by 
late Tertiary to Recent marine carbonates.  
 
The Bass Basin, with its limited hydrocarbon accumulations, together with its good quality reservoir-seal pairs, provides 
a potential location for CO2 geosequestration. A recent 3D hydrocarbon migration and accumulation study suggested 
that hydrocarbons in the Bass Basin may have been largely trapped in the reservoirs of the Middle EVG whilst 
reservoirs of the Upper EVG under the regional seal may have not received hydrocarbon charge in the most parts of the 
basin (Arian et al., 2010). If correct, this makes the reservoirs of the Upper EVG the best candidates in the region for 
CO2 geological storage. 
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Figure1: Location map of the Bass Basin and adjacent region, Southern Australia  
 
Seal analysis 
 
The Demons Bluff Formation is the regional seal which overlies thick channel sands of the Upper EVG succession.  
However, there is limited data about the seal capacity from this formation. As part of this study, further analyses were 
obtained and calculations of the CO2 column heights were from mercury injection capillary pressure capacity 
determination of the Demons Bluff Formation can significantly improve our understanding of potential CO2 storage 
capacity of the Bass Basin.  
 
In addition to the lithology of the sealing facies, fault seal is recognised as a major factor that can control accumulation 
of hydrocarbons and have a significant influence on reservoir behaviour during petroleum production (Jones et al., 
2000).  Based on the mechanism of failure, the types of fault sealing can be categorised as juxtaposition seal, fault plane 
seal and fracture- related seals (brittle failure/ fault reactivation).  
 
In general, the top regional sealing facies of the Demons Bluff Formation occurs at depths greater than 800m which is 
favourable for carbon dioxide storage and sequestration.  
 
Intraformational seals of the Middle EVG have been proven to be capable of holding hydrocarbon accumulations in the 
deeper parts of the basin (e.g. White Ibis-1). Thick shales of wide-spread nature were deposited across the basin, 
associated with the Lower and Upper Koorkah lake facies from the latest Maastrichtian to late Early Eocene. The 
reservoir/seal pairs are likely to add to the basin’s overall storage capacity. A good contribution to basins storage 
capacity is expected from theses sealing facies of the Middle EVG.  Analysis of their seal capacity has been integrated 
into this study to assess potential deeper storage capacity.  
 
Seal Thickness and Geometry 
 
The top and bottom of the Demon Bluff Formation were interpreted from 2D seismic and  gridded to a 3D surface as 
outlined earlier, then calibrated with formation tops from well completion reports and from Geoscience Australia (GA).  
Regional thickness, distribution and geometry of the sealing facies were calculated from the constructed 3D surfaces. 
 
The regional sealing facies of the Demons Bluff Formation were deposited in bay and shallow marine environments 
during a regional transgressive event during late Middle Eocene (Blevin, 2003). The Demons Bluff is usually between 
100 to 250m thick over much of the Cape Wickham Sub-basin. It reaches its greatest thickness of 395m in the 
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Cormorant Trough at the northern part of the Cape Wickham Sub-basin and  generally decreases from the north to 
southeast of the basin. It gradually thins towards the southeast in the Durroon Sub-basin to less than 100m until it 
reaches its depositional limit in the southern and southeastern part of the Durroon Sub-basin. Overall, the top seal 
preserves a good thickness over most of the basin (Figure 2). 
 
In the northern margin of the basin, the regional seal might have subjected to inversion during Late Oligocene to 
Miocene. Failure due to breach of regional seal is interpreted to have occurred for some wells in the basin (e.g. 
Barramundi-1, King-1: Trigg et al., 2003).  Therefore, understanding the potential risk of reactivation associated with 
the present-day stress regime in the Bass Basin and particularly the already reactivated area (Cormorant Trough) is 
important for long-term CO2 storage in the basin. Fault risk evaluation in the Bass Basin is considered later in this 
report. 
 
Figure 2: Thickness map of regional sealing facies of the Demons Bluff Formation. The red line outlines the occurrence of 
greater than 50m thick seal. 
 
Mercury Injection Capillary pressure (MICP) Analysis 
 
A recent Mercury Injection Capillary Pressure (MICP) analysis on 15 samples of the Demons Bluff Formation 
undertaken by ACS Laboratories for this study suggests an excellent sealing capacity for the tested samples. The 
analysis suggests a maximum capacity of 2342m of oil column and up to 753m of CO2 column for an analysed sample 
from Cormorant-1. However, recalculated CO2 retention column heights using the method outlined by Daniel (2005), 
resulted in predicting an overall higher retention capacity for CO2, with maximum sealing capacity of 1971m CO2 
column height for a Pelican-1 sample (Figure 3). While the Cormorant-1 sample which has been interpreted to have a 
maximum column height of 753m CO2, the recalculation suggested it could support a CO2 column up to 1546m high. 
 
The only Bass-3 sample included in the MICP analysis was sampled within sediments of the Upper EVG below the 
Demons Bluff Formation. Apart from  the Bass-3 sample, a Cormorant-1 sample from a depth of 1158.8 could retain 
only 10m of oil, 6m of gas and 3m of CO2, while a sample of similar description from a of depth 1163.7m shows a 
retention capacity of 2342m of oil column, 1457m of gas and 753m of CO2 according to the standard methods followed 
by ACS laboratories. Visual observation of the samples suggests variation in withholding capacities between these two 
samples could be due to clay dehydration in the shallower sample, as extensive fracturing was observed in the sample 
and is believed to be caused by clay dehydration during the long period (tens of years) of storage.  
 
Three samples from the lower part of the Demons Bluff Formation intersected in Toolka-1 location showed excellent 
retention capacity, while another sample selected from a higher section showed poor retention capacity.  In the absence 
of the sample descriptions, it is suggested that the variation was influenced by upward facies change in this area. All 
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other analysed samples across the basin and throughout the regional seal gave an excellent sealing capacity for CO2, oil 
and gas.  
 
Figure 3 : Calculated maximum CO2 column heights can be supported by samples from regional sealing facies of the Demons 
Bluff Formation, the Bass Basin. 
 
Regional reservoir quality 
 
Reservoir rocks of the Bass Basin primarily consist of fluvial and lacustrine sandstones of the EVG. In general, unlike 
reservoirs of the Latrobe Grope in the adjacent Gippsland Basin, reservoirs of the EVG are fluvial channels sands and 
lacustrine delta sands that lack marine influence. Facies analyses indicate the highest reservoir facies are coarse-grained 
fluvial channel sandstones, with secondary ranking facies of coarse-grained lacustrine shoreface and foreshore 
sandstones (Lemon, 2003). 
 
Sands of the Upper EVG  
 
The Boonah Sand marks a fall in base-level, associated with the demise of Lake Toolka and the establishment of fluvial 
systems, it is pervasive across the basin and is the highest reservoir within the basin succession (Blevin, 2003). It 
consists of stacked sandy facies of variable thickness (Lang, 2003). A reservoir diagenesis study by Lemon (2003) 
suggests the best conditions for reservoir development and preservation occurred in sediments of the Upper EVG, just 
under the regional sealing facies of the Demons Bluff Formation. The lower section of the Upper EVG is the Aroo 
Sequence, which is consisted of fluvial to fluvio-deltaic, shallow lacustrine and lagoonal sediments. The dominant 
fluvial sands show good reservoir characteristics (Blevin, 2005). The Upper EVG pervasive across the basin and has a 
good thickness, especially over the area where wher buried deeper than 800m.  
 
Previous hydrocarbon exploration in the basin confirmed good reservoir characteristics of reservoir sands of the Upper 
EVG (e.g Nangkero-1, Poonboon-1, Yurongi-1 and Tarook-1). Poor migration pathways were blamed for not charging 
the good reservoir sands (porosities of 20-30% and permeabilities of 0.7mD to 1D) penetrated in King-1 (Blevin, 2003).  
Available core analyses of the Upper EVG sands show good to excellent reservoir properties. Porosities range between 
13 and 32%,with an average of 26% porosity while permeabilities vary between 1-1430mD with an average 198mD 
permeability.  
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Plotting core porosity against permeability for the Upper EVG samples shows a general permeability increase with 
increase in porosity (Figure 4). This suggests the Upper EVG sands that show high log-derived porosity will also have 
good permeability characteristics. 
 
Figure 4: Crossplot between core porosity and oermeability of the Upper EVG sands. 
 
 
Modelling Possible CO2 Migration and Entrapment 
 
The distribution, thickness and MICP analysis of the Demons Bluff Formation in the Bass Basin confirms its excellent 
top seal capacity. However, the capacity of the regional seal may reduce significantly in the Durroon Sub-basin due to 
thinning. Fault assessment also suggests an increase in risk of some fault reactivation in the northeastern part of the 
basin.  
 
Reservoir characterisation of the Upper EVG suggests presence of good reservoir sands directly under the regional seal. 
Modelled hydrocarbon migration, palaeo and current accumulations suggest these reservoirs are mostly suitable for CO2 
storage. Thus, understanding potential CO2 migration pathways and trap locations within the Upper EVG is important.    
 
In order to understand migration pathways within EVG sediments and possible entrapment under the Demons Bluff 
regional seal, simulation was undertaken using PetroCharge Express within PetroMod software package. Depth 
converted regional surfaces of the top Demons Bluff Formation, top Upper EVG and top Narimba  Sequence were used 
to construct the models. The Demons Bluff Formation was assigned a typical shale lithology with excellent sealing 
properties. The seal capacity determined by the software was in accordance with the known thickness, capillary pressure 
and fault property. The Upper EVG was assigned a typical sandstone lithology with 26% porosity and selected to be a 
carrier bed for migration purposes. In order to determine general migration pathways in the basin regardless of fault 
behaviour, a large amount of CO2 was areally injected into the bottom of the carrier beds. A density of 600kg/m3 was 
calculatedd for the carbon dioxide injected into the base of the Upper EVG. 
 
The migration of the injected CO2 was mapped by simulating buoyancy forces. The model suggests that the regional 
migration pathways in the Bass Basin are radial from central parts of the basin to the flanking basin margins. In addition, 
local drainage areas within the Upper EVG associated with CO2 injection and migration were calculated. The drainage 
map can be used for planning storage stages for modelling and determining the best CO2 injection point within a chosen 
drainage area. 
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An estimate of the maximum structural traping under the Demons Bluff Formation has been tested with all faults set to 
be barriers to migration, and then areal CO2 injection to the base of the carrier beds. The models demonstrate that 
reservoir sands of the Upper EVG under the regional seal can trap significant volumes of CO2. The model predicts the 
total pore volume in all closures directly beneath the regional seal exceeds 15,000,000,000 cubic meters. The largest 15 
closures contain over 74% of total calculated pore volume; with largest single closure in the basin has a pore volume of 
2,600,000,000 cubic meters. 
 
It is obvious that several closures are fault-dependent. If some or all of the faults facilitate CO2 migration, then some of 
those closures would not have associated traps. To determine a more realistic total closure volume, the fault reactivation 
report (JRS, 2008) has been used to determine which faults within the model may reactivate and leak. All the faults are 
marked as high risk of reactivation have been set to open and the rest set to be closed for CO2 migration. Where faults 
are set to open fault-dependent closures cannot trap CO2, thus, only relatively secure closures are calculated. Another 
areal injection of CO2 has been injected to the bottom of the carrier beds of the Upper EVG to accumulate in secure 
closures that do not risk breaching from possible fault reactivation (Figure 5). This model suggests secure closures 
within reservoirs of the Upper EVG under the regional seal have over 8,000,000,000 cubic meter of total pore space 
available for entrapment and the 15 largest possible accumulations contain over 76% of the calculated pore volume, with 
the largest single closure pore volume of over 1,100,000,000 cubic meters.  
 
In an attempt to understand total pore volume for non-fault dependent closures directly under the regional seal, another 
migration and accumulation model was developed setting all faults open for CO2 migration. The injected CO2 in this 
model could escape through each fault and accumulate in non-fault dependant traps only (Figure 6). This exercise 
suggests a total pore volume of over 2,000,000,000 cubic meters. The largest 15 closures contain over 84% of the 
calculated pore volume, with the largest single closure having a pore volume of 750,000,000 cubic meters. 
 
Figure 5: Possible CO2 entrapment under regional seal, if all the faults that are at risk of reactivation are avoided. The faults 
not at risk of  reactivation are shown in dark blue, the ones that have a moderate or greater risk of reactivation are modelled 
open for migration and are shown in light blue. The black line outlines where reservoir/seal pairs deeper than 800m exist in 
the basin. 
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Figure 6: Non fault-dependent closures within the Upper EVG directly under the regional seal. Faults are modelled open for 
migration and are shown in light blue. The black line outlines where reservoir/seal pairs deeper than 800m exist in the basin.  
 
Conclusions and Recommendations for CO2 Storage and Geosequestration 
 
The Bass Basin contains reservoir/seal pairs that can be potentially utilized for geological storage of CO2. Upper EVG 
reservoirs has excellent porosity/permeability characteristics and well positioned beneath a high quality regional top 
seal, the Demons Bluff Formation. In addition, deeper sections of the Middle and Lower EVG also contain several 
magnificent structures that could capture large volumes of CO2.  
 
Petroleum systems models predicted that the Upper EVG reservoirs under the regional seal have received only local 
hydrocarbon charge. This leaves excellent potential for CO2 storage in the basin with limited effect on current and future 
petroleum exploration and production.   
 
The UEVG reservoir sands in the Bass Basin show excellent reservoir quality (26% average porosity and 198mD 
average permeability). Supporting evidences of excellent retention capacity of the regional sealing facies of the Demons 
Bluff Formation, together with limited predicted hydrocarbon charge into these reservoirs, makes them much more 
attractive for CO2 capture and storage. The Demons Bluff Formation has a wide ditribution across the basin, is suitably 
thick and has very good top seal potential. It has an average CO2 column hight of 988m which makes it an excellent seal 
for CO2 storage. 
 
Reservoirs of the Middle and Lower EVG might provide additional storage sites as there are several reservoir/seal pairs, 
as well as excellent structures within these two successions. The intraformational seals may have good regional 
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continuity but are likely to be thinner than the Demons Bluff Formation. MICP analysis, together with past hydrocarbon 
exploration support good sealing capacity for intraformational seals of the MEVG, as most discovered hydrocarbons in 
the basin are trapped within reservoirs of the Middle EVG. These reservoir/ seal pairs are buried deeper under reservoirs 
of the Upper EVG, which adds positive value to suitability of the Bass Basin for CO2 storage, because any possible 
leakages from stored CO2 could migrate into the upper reservoirs. A negative aspect of using these reservoirs for CO2 
storage is that they have been assessed as having the greatest potential for economic hydrocarbon accumulations in the 
basin. Careful hydrocarbon accumulation prediction studies need to be undertaken as part of their assessment for CO2 
storage. 
 
The Bass Basin contains several non fault-dependent closures in the central part of the basin that make very good 
candidates for CO2 storage. Good reservoirs sands under the regional seal (with no hydrocarbon charge) occur in 
Tarook-1, Nangkero-1, Narimba-1 and Poonboon-1 in the central part of the basin, Toolka-1 is another example in the 
northern part of the basin.  
 
The potential risk of fault reactivation under present-day stress is mostly confined to the margins of the basin, 
particularly the northeastern margin. Nevertheless, if storage sites contain faults that cut the regional seal, individual 
faults need to be properly evaluated for any potential risk, including pore pressure change due to CO2 injection.  
 
Overall, the Bass Basin has large potential for CO2 storage and sequestration. Its storage capacity, stability and location 
suggest it can be an excellent candidate to provide a good storage site for the Victoria’s CO2 storage needs.   
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